Endogenous enkephalin) and are released from perfused slices of rat globus pallidus by increased K+ in a Ca2+-dependent manner. Tissue perfused for 40 min contained only 26% of the Met-enkepha in and 44% of the Leu-enkephalin found in the freshly dissected tissue. After perfusion, the mean (+SEM) ratio (wt/wt) of Met-enkephalin to Leu-enkephalin was 3.4 ± 0.2 compared with 5.8 L 0.2 in the fresh tissue. The degradation of trace amounts of synthetic [3H]enkephalins in the perfusing medium during stimulated release seems to reflect the accelerated degradation of enkephalin released from the tissue: 63% of the Met-enkephalin and 23% of the Leu-enkephalin were degraded in a medium containing bacitracin (30 pg/ml). The mean ratio (wt/wt) of the Met-enkephalin to the Leu-enkephalin recovered after release by exposure of slices to 50 mM K+ was 2.7 + 0.3. When perfusates were corrected for degradation, this ratio increased to about 5.5 which is higher than that found in the perfused tissue.
[3H]enkephalins in the perfusing medium during stimulated release seems to reflect the accelerated degradation of enkephalin released from the tissue: 63% of the Met-enkephalin and 23% of the Leu-enkephalin were degraded in a medium containing bacitracin (30 pg/ml). The mean ratio (wt/wt) of the Met-enkephalin to the Leu-enkephalin recovered after release by exposure of slices to 50 mM K+ was 2.7 + 0.3. When perfusates were corrected for degradation, this ratio increased to about 5.5 which is higher than that found in the perfused tissue.
The differences in release, tissue loss, and catabolism of the two enkephalins may be reflecting differences in the metabolic systems operating on the pentapeptides, but this interpretation will have to be validated by in vivo release experiments. In any event Ihese observations strongly suggest that both enkephalins can be considered candidate neurotransmitters in the rat globus pallidus.
The presence of the opioid peptides [5-methionine] enkephalin (Met-enkephalin) and (1) in several regions of the central nervous system (2) and the immunohistochemical evidence for their localization in fibers and cell bodies (3) support their consideration as putative central neurotransmitters. The search for a model system for study of the central neurobiology of the enkephalins has led to the striatum (4, 5) , and especially the globus pallidus because of this region has the highest content of enkephalins (ref. 6; unpublished data) and enkephalin-containing fibers. Recent studies in our laboratory (7) have shown that, during in vitro perfusion of slices from rat globus pallidus, enkephalin-like immunoreactive material is released by K+ in a Ca2+-dependent manner. In the present work we have analyzed the composition of these enkephalin-like substances, both in freshly dissected and perfused tissue and in the released material, as well as some aspects of the metabolic changes of enkephalins during in vitro release experiments. Our results indicate that, although the two enkephalins are released from the globus pallidus, some differences can be found in their catabolism in vitro. High-Pressure Liquid Chromatography (HPLC). A highpressure liquid chromatograph equipped with a Universal Injector (U6K.) and uBondapak CN columns (0.39 X 30 cm) (all from Waters Associates) were used throughout this work. The eluting mixture contained 14% glass-distilled acetonitrile and 86% 0.01 M ammonium acetate (pH adjusted to 4.2 with glacial acetic acid); this eluant was also used to dissolve the samples (100-500ul). The columns were calibrated with pure synthetic peptides and their retention times were determined by in-line absorption detection at 210 nm. After injection of sample and with a flow rate of 2 ml/min, 400-Ml fractions were collected in polypropylene tubes (Gilson Microfractionator) and lyophylized.
MATERIAL AND METHODS
Abbreviations: Met-enkephalin, [5- Radioimmunoassay. The lyophilisates of tissue extracts, fractions of perfusate, or HPLC fractions were dissolved in small volumes of water, aliquots were taken for scintillation counting when necessary, and the remaining sample was subjected to radioimmunoassay at two dilutions in duplicate. The Leu-enkephalin assay was as described (10) . The minimum detectable amount of Leu-enkephalin is approximately 1 pg. Met-enkephalin crossreacts in this assay to the extent of 3% on a weight basis.
The Met-enkephalin radioimmunoassay was performed as described by Gros et al. (11) with minor modifications, the same group providing the Met-enkephalin antiserum. In our hands the minimum detectable amount of Met-enkephalin was 20 pg and the crossreactivity of Leu-enkephalin was 16% (7% in the Gros et al. radioimmunoassay). Both assays were performed with purified 125I-labeled enkephalins.
Chemicals. The purified nonlabeled peptides used as standards in the radioimmunoassays and HPLC were prepared by solid-phase synthesis (12) . 1 shows the HPLC fractionation of an extract of freshly dissected globus pallidus tissue. Each enkephalin was identified by its retention time on the basis of synthetic peptides and 3H-labeled internal standards. Endogenous enkephalins were monitored by means of two radioimmunoassays using antisera raised against Met-enkephalin and Leu-enkephalin. The identity of the peaks of immunoreactivity showing the retention times of Met-enkephalin and Leu-enkephalin was further assessed by their relative immunoreactivity with both the Metenkephalin and Leu-enkephalin antisera, calculated as Metenkephalin equivalents/Leu-enkephalin equivalents. Immunoreactive components other than Met-enkephalin and Leuenkephalin showed immunoreactivity ratios from the two radioimmunoassays that were intermediate between those of Leu-enkephalin and Met-enkephalin. These other peaks were also present in chromatograms of perfused tissue extracts (not shown) and in perfusate samples although in different proportions (see Fig. 2c ). Such other peaks account for about one-third of the total immunoreactivity with the Leu-enkephalin assay. Dilution curves of these fractions parallelled the standard curves in the assays. Many synthetic enkephalin fragments had retention times in HPLC that cluster around those of these immunoreactive peaks (Fig. la) . Nevertheless, all these synthetic fragments showed low crossreactivity in the Leu-enkephalin assay (minimum detectable, >10 ng).
In a preliminary attempt to explore the relationship of these nonidentified components to the enkephalins, their molecular weights were estimated by using a Sephadex G-15 column (45 X 0.7 cm) eluted with 50% acetic acid and calibrated with 3H-labeled enkephalins and tyrosine; [3H]tyrosine was also used as an internal standard. The unidentified immunoreactive substances were eluted before tyrosine but no significant amounts of immunoreactivity were eluted before either enkephalin. From these data, it is likely that these components may be degradation products of the enkephalins, which may therefore be highly concentrated both in the fresh and perfused globus pallidus tissue and in the perfusate fractions.
The coupled HPLC/radioimmunoassay analysis of perfused . Their retention times (arrows) were determined by absorption at 210 nm. The flow rate was kept at 2 ml/min and 400-,ul fractions of the effluent were collected. (a) Radioimmunoassay using both Met-enkephalin and Leu-enkephalin antisera were performed with each fraction of the chromatograms (at two dilutions in duplicates). The values are expressed in terms of ng of Met-enkephalin (-) that would produce an equivalent immunodisplacement in the Metenkephalin assay and, analogously, ng of Leu-enkephalin (0) producing an equivalent displacement in the Leu-enkephalin assay. The total immunoreactivity is that contained in the globus pallidus of one rat (the overall recovery being 96%). Perfusion of globus pallidus slices with 50 mM K+ medium containing bacitracin stimulated the release of endogenous Met-enkephalin as well as of Leu-enkephalin (Fig. 2c) . Total release over 6 min amounted to about 6% and 8% of the tissue stores, respectively. The Met-enkephalin/Leu-enkephalin ratio (wt/wt) of the recovered enkephalin was 2.7 + 0.3 ( Table 1 ). The unidentified low molecular weight immunoreactive peaks were also present and showed approximately the same ratios of immunoreactivity between the two radioimmunoassays that were observed in the corresponding peaks of the fresh tissue extract chromatogram (Fig. la) .
DISCUSSION
Two separate, although probably related, phenomena have been observed in the enkephalin release experiments with perfused slices of rat globus pallidus: an extensive loss of tissue enkephalin and a massive enkephalin degradation in the perfusate. At the end of the perfusion experiments, 74% of the Met-enkephalin and 56% of the Leu-enkephalin originally present in the tissue were lost (Table 1) , and the Met-enkephalin/Leu-enkephalin ratio decreased from 5.8 in fresh tissue to 3.4. It has already been reported (7) that the presence of bacitracin in the perfusing medium does not modify the amount of the tissue loss, although it significantly protects the enkephalin released into the perfusate. However, even correcting for degradation, the enkephalin recovered in the perfusate fractions does not account for the total tissue loss (ref. 7 ; Fig. 2 a and b) . Therefore, it is possible that, besides leakage of enkephalin from the tissue, significant degradation continues within the slices.
Perfusion of trace amounts of SH-labeled enkephalins through slices of globus pallidus showed considerable degradation of Met-enkephalin and Leu-enkephalin, both in the presence of bacitracin (63% and 23%, respectively) and in its absence (91% and 62%, respectively) ( Fig. 2 a and b) . These degradation estimates using [3H]enkephalin seem to reflect the degradation, in the perfusate, of the endogenous enkephalins. This is supported by the finding (7) that the Leu-enkephalin immunoreactivity recovered in the perfusate after K+-evoked release is doubled when bacitracin is present in the perfusing medium. If the amounts of Met-enkephalin and Leu-enkephalin released at high K+ concentration into the perfusate are corrected for this degradation, the observed Met/Leu enkephalin ratio (Table 1) is then higher than the ratio, 3.4, found in the perfused tissue. If this calculated ratio indicated preferential release of Metenkephalin, this could account in part for the greater tissue loss of Met-enkephalin. The ratio of the total tissue loss of Met-and Leu-enkephalin is about 7.7.
In a recent study (13) , Met-enkephalin/Leu-enkephalin ratios in whole striatal tissue (rabbit) and in its veratridine-stimulated output were found similar to our values when uncorrected for degradation. Nevertheless, strict comparison of the rabbit values (13) with our results is not possible because, besides the difference in biological samples and releasing agent, different procedures were used to protect, isolate, quantitate, and estimate the recovery and degradation of the enkephalins.
The differences in the two enkephalins with respect to their lability in tissue slices, degradation in the perfusate, and in vtro release from the tissue could have functional implications. A faster turnover of Met-enkephalin compared to Leu-enkephalin could be related simply to metabolic independence of the enkephalin systems or to physical compartmentation in cells or subcellular structures.
Neurobiology: Bayonet al.
Because both Met-enkephalin and Leu-enkephalin can be released by K+ in a Ca2+-dependent manner from the globus pallidus, these chemically and pharmacologically similar pentapeptides must be considered as performing interrelated roles, perhaps as neurotransmitters, at least in this constrained area of the nervous system. Although this interrelationship based on co-release may not be generalizable to other brain regions, our data suggest that the coarsely correlated concentrations of Met-and Leu-enkephalin in other brain regions (see ref.
2) may warrant extended neurobiological investigation.
